We report on the studies of coupling of black body radiation with metal vapors in a crossed heatpipe. The electron density of the laser produced plasma was estimated using a Mach-Zehnder Interferometer. The formation of clusters in a over heated heatpipe is also reported.
INTRODUCTION
Well defined homogeneous metal vapors with precise information on the density and temperature needed for spectroscopic applications are usually generated with a heatpipe oven. Metal vapor-inert gas mixtures have been used extensively in non-linear optics for generation of tunable narrow band coherent light sources in the UV and VUV regions where non-linear crystals can not be used. 4 Recently, heatpipe ovens have been used in a soft X-ray source 5, 6 which subsequently pumps surrounding metal vapors for production of short wave length lasers. Early experiments on population inversion in UV and X-ray regions used X-ray filters to eliminate unwanted spectral components from the pumping source. In order to attain efficient pumping, Harris et al suggested the use of a black body source resulting from a laser produced plasma (LPP) to excite the vapor or gas. Using a similar configuration Silfvast et al were the first to demonstrate a photo-ionization laser. The pumping rate depends on the density of the photons from an LPP source interacting with metal vapors. Since the emission from the LPP source is absorbed as it propagates through the vapor medium, it is essential to look for the coupling of the black body emission with the surrounding metal vapors. In the present paper we report results of studies of cadmium plasma in a crossed heatpipe. The studies were done with and without a background LPP. We also discuss the conditions for optimum working of a heatpipe. We report the formation of Cd clusters in the over heated heatpipe. The present paper is organized as follows: In Section 1, we discuss the details of the .experimental setup used. The density of the laser produced plasma was estimated using a MachZehnder Interferometer. 9 The experimental layout is shown in Figure 1 16 where an ablated plasma expands into sufficient pressure of the background gas. A slight variation of the technique has been used for the deposition of C60 on various substrates. 7 Though at times a useful phenomenon, the poor conditions of operation for the heatpipe result in cluster formation of the metal. The presence of clusters might severely affect the plasma emission resulting in a decrease in plasma intensity. Similar effect was also observed when the central part of the heatpipe is suddenly over heated. Generation of a high Cd vapor density required for efficient plasma production appears to be the most difficult technical problem in experiments such as ours. Our experience shows that the temperature of the heatpipe should be increased very slowly and should not exceed the value at which the vapor pressure of the metal vapor and the buffer gas pressure are equal.
COUPLING OF BLACK BODY EMISSION WITH METAL VAPORS
One of the aims of the present work is to report the use of laser produced soft X-rays from high Z laser produced plasma for pumping metal vapors. It is known that by focusing the laser radiation to a small area on to solid target it is possible to create a high temperature high density recombining plasma. Near the surface of the target, the plasma emission is primarily due to free-bound and to line radiation. However, for high Z target continuum radiation dominates over the line radiation. The broad band emission can be approximated to a black body with the same characteristic temperature as that of the plasma. 8, 9 The broad band soft X-ray emission from a laser produced plasma has been used to directly populate the upper laser level from the ground level, 5, 6 the pumping rate is essentially determined by the photon density of the pumping source. The fact that at short wavelength, inner shell photo-ionization has a higher probability than ionization of a outer electron, the most probable process with the radiation peaked in the range 200-300 for high Z target is photo-ionization. Based on this excitation scheme population inversion has been observed in the wavelength range 109-748 nm. We have also reported 2 cadmium photo-ionization laser between the 4d 5s 2D5/2 and the 4d 1 5p2P3/2 levels at 441.6 nm.
In order to study coupling between background plasma and Cd plasma, a tungsten target fixed to a rod was inserted into one of the arms of the heatpipe. The laser radiation was focused to a spot of 100 #m on to the tungsten target with helium gas at a pressure of 7-8 Torr. No heating of the heatpipe was done. A bluish white plasma of tungsten could be seen visually at the target surface. In order to photoionize the cadmium metal vapor, the heatpipe temperature was raised to 420C nd the laser radiation was focused on to the tungsten target. A bluish white plasma very close to the target surface and a green plasma due to cadmium vapor extending up to 7-8 mm away from tungsten surface were observed. It is worth reiterating that no Cd plasma was observed when the heatpipe was not heated. The Cd plasma was imaged on to the slit of the monochromator and the resulting spectrum recorded at 4-5 mm away from tungsten surface is show in Figure 3 . The He pressure was about 7 Torr and laser energy 900 mJ. On comparing the two spectra ( Figure 2 and figure 3 ) it becomes clear that the intensity of all lines increases drastically (sensitivity in figure 2 is five times more than that of Figure 3 ) and Cd II transitions which were absent in Figure 2 become observable in Figure 3 . Figure 1 the density of the cadmium plasma in the presence of the background target was also estimated. Figure 5 shows a radial profile of cadmium plasma density at 5 mm away and parallel to the tungsten surface. The density decreases as we move out radially at various axial positions of the laser produced plasma. Comparison of Figure 4 and 5 reveals that even at 5 mm away and parallel to the black body source the density of cadmium plasma is larger than at 2 mm for tungsten plasma alone. Thus the black body emission does help in pumping the cadmium vapor. We estimate the temperature of the Cd plasma at 4-5 mm away from the surface of the target to be 0.3 eV. At this distance the influence of plasma electrons is negligible. In conclusion, we have studied the Cd metal vapor plasma in a heat pipe. Cluster formation was observed when the heatpipe was over heated. To study the effect of black body pumping, Cd metal plasma was studied in the presence of tungsten target. Increase in intensity of the emitted lines from the higher ionic states of metal plasma in the presence of the black body source suggests that laser produced plasma can be very effective as a pumping source.
